Aims/hypothesis The Diabetes Aerobic and Resistance Exercise (DARE) study showed that aerobic and resistance exercise training each improved glycaemic control and that a combination of both was superior to either type alone in patients with type 2 diabetes mellitus. Here we report effects on patient-reported health status and well-being in the DARE Trial. Methods We randomised 218 inactive participants with type 2 diabetes mellitus in parallel to 22 weeks of aerobic exercise (n=51), resistance exercise (n=58), combined aerobic and resistance exercise (n=57) or no exercise (control; n=52). Intervention allocation was managed by a central office. Outcomes included health status as assessed by the physical and mental component scores of the Medical Outcomes Trust Short-Form 36-item version (SF-36) and well-being as measured by the Well-Being Questionnaire 12-item version (WBQ-12); these were measured at the Ottawa Hospital. Results Using a p value of 0.0125 for statistical significance due to multiple comparisons, mixed model analyses indicated that resistance exercise led to clinically but not statistically significant improvements in the SF-36 physical component score compared with aerobic exercise (Δ=2.7 points; p=0.048) and control (i.e. no exercise; Δ=3.3 points; p=0.015). For mental component scores, there were clinically important improvements favouring no (control) compared with resistance (Δ=7.6 points; p<0.001) and combined (Δ=7.2 points; p<0.001) exercise. No effects on WBQ-12 scores were noted. Overall, 59/218 (27%) of participants included in this analysis sustained an adverse event during the course of the study, including 16 participants in the combined exercise group, 19 participants in the resistance exercise group, 16 participants in the Electronic supplementary material The online version of this article
Introduction
Regular exercise is a key part of the treatment plan for people with type 2 diabetes mellitus (along with diet, weight loss and in most cases insulin or medications) [1] . Meta-analyses and other studies have demonstrated that aerobic and resistance exercise each improves glycaemic control in people with this condition [2] [3] [4] [5] [6] [7] .
The Diabetes Aerobic and Resistance Exercise (DARE) Trial was a randomised controlled trial to determine the effects of aerobic exercise training, resistance exercise training and a combination of both in previously inactive, type 2 diabetic patients aged 39 to 70 years. Its primary results concerning effects on HbA 1c have been reported [8] . Both aerobic and resistance exercise training improved glycaemic control, while a combination of both was superior to either type of exercise training alone [8] .
Health status and well-being are important outcomes, but have not been reported in most previous studies of exercise in people with type 2 diabetes mellitus. Several studies, however, have reported particularly beneficial effects of resistance exercise training on these outcomes in other clinical populations including patients with cardiac disease [9] , the frail elderly [10] and men with prostate cancer receiving androgen deprivation therapy and/or radiotherapy [11, 12] .
In the present paper, we report the effects of aerobic exercise training, resistance exercise training and a combination of both on pre-specified secondary outcomes related to health status and well-being in the DARE Trial. Our hypothesis was that participants randomised to either combined aerobic and resistance exercise training or resistance exercise training alone would show greater improvement in health status and well-being than those randomised to aerobic exercise training only or no exercise (waiting-list control). The rationale for our hypothesis was a previous study showing that strength training added to aerobic exercise led to additional incremental improvements in quality-of-life variables in patients with cardiac disease [9] .
Methods
Design A complete description of the DARE study design and methods has been published [8] . This was a singlecentre, randomised controlled trial with a parallel group design. After a 4-week run-in period to assess compliance, previously inactive participants with type 2 diabetes mellitus were randomised to four groups: aerobic exercise training, resistance exercise training, combined aerobic and resistance exercise training or no exercise (waiting-list control). Health status and well-being were assessed at baseline, at the midpoint (3 months) and at the end of intervention (6 months). The study was approved by the Ottawa Hospital Research Ethics Board. All participants gave written informed consent.
Setting The 6-month exercise intervention took place at eight community-based exercise facilities in the OttawaGatineau region and was supervised by personal trainers.
Participants Previously inactive, type 2 diabetic patients aged 39 to 70 years were recruited through advertising, physicians and word-of-mouth. Inclusion criteria included type 2 diabetes mellitus as defined by the American Diabetes Association [13] for at least 6 months and baseline HbA 1c of 6.6% to 9.9%. Potential participants were excluded if they: (1) were receiving insulin therapy; (2) were participating in exercise ≥2 times per week for at least 20 min per session or had been in any resistance training during the previous 6 months; (3) reported changes in oral hypoglycaemic medications during the previous 2 months; (4) reported changes in antihypertensive or lipidlowering agents in the previous month; (5) reported a change of ≥5% in body weight during the previous 2 months; (6) had serum creatinine ≥200 μmol/l; (7) had proteinuria >1 g/24 h; (8) had blood pressure >160/95 mmHg; (9) had restrictions in physical activity due to disease; (10) had other medical conditions making participation inadvisable; or (11) completed fewer than ten of the 12 scheduled exercise sessions during the run-in period.
Randomisation and blinded assessment Following completion of the run-in period, participants were randomly allocated in equal numbers to the aerobic, resistance, combined and no-exercise (control) groups. A central randomisation procedure with allocation concealment was used. The randomisation sequences were generated by an independent statistician using a software macro designed for this purpose. Randomisation was stratified by age (39-54 or 55-70 years) and sex, with block sizes varying randomly between four and eight. The statistician provided the sequences directly to the Ottawa Hospital Research Institute Clinical Epidemiology Program Data Centre. DARE trial investigators and staff did not have access to the sequences at any point. It was not feasible to blind participants or intervention personnel to group assignment; however, assessment personnel were blinded.
Interventions Participants exercised three times per week, with training progressing gradually in length and intensity. The aerobic group exercised on treadmills and/or bicycle ergometers. Heart rate monitors (Polar Electro; Oy, Kempele, Finland) were used to adjust workloads to achieve target heart rate. Participants progressed from 15 to 20 min per session at 60% of maximum heart rate to 45 min per session at 75% of measured maximum heart rate. The resistance exercise group performed eight different exercises on weight machines each session, progressing to two to three sets of each exercise at a weight that could be lifted for a maximum of eight repetitions. The combined exercise group did the full aerobic programme plus the full resistance programme. A personal trainer was present for a minimum of three scheduled sessions weekly at each exercise facility and supervised all exercise programmes. After randomisation, he/she met each participant individually at least once a week for 4 weeks, every 2 weeks for the subsequent 2 months, then once a month for the remainder of the programme to ensure appropriate progression through the programme. The personal trainer monitored attendance and contacted the participant if any sessions were missed. After the initial 2 weeks post-randomisation, participants were free to attend at times most convenient for them, but they were required to come at least once a week at a time when the personal trainer was present. Control participants were asked to revert to their pre-study activity levels. Efforts were made to minimise dietary and medication co-intervention.
Outcomes Health status and well-being were measured at baseline, 3 months (midpoint) and 6 months (end of intervention) using the Medical Outcomes Trust ShortForm 36-item version (SF-36) [14] questionnaires and a slightly modified version of the Well-Being Questionnaire 12-item version (WBQ-12) [15, 16] , respectively.
The SF-36 is a 36-item, self-administered, health status assessment that yields physical and mental health component scores. The physical component summary and mental component summary scales are scored with weights and normalised to a population mean of 50 and SD of 10. In diabetic populations, 2.0 to about 2.5 points is a reasonable estimate of the smallest clinically important difference in either physical or mental component summary scores [17] . The validity of the SF-36 has been demonstrated in several studies of diabetic participants [14, [18] [19] [20] [21] [22] .
The WBQ-12 is a reliable and valid measure of wellbeing for patients with type 2 diabetes mellitus [15, 16] . The General Well-Being score is the sum of all 12 items and is scored from 0 to 36, where a higher score indicates a greater level of well-being; it was used as the primary indicator of well-being in the present study. The minimal clinically important difference in the WBQ- 12 has not yet been determined [23] . The WBQ-12 used was slightly modified; on five items, the wording was changed from 'I feel...' to 'I have felt... ' We conducted a factor analysis and confirmed the factor structure of the modified WBQ-12. High Cronbach's α coefficients demonstrated good internal consistency reliability in the entire scale (α=0.87).
Statistical analysis
The number of participants in the original DARE study with complete baseline health status and well-being data determined the sample size in the present study. Of the 251 participants in our trial, 33 did not complete the baseline health status questionnaires and were therefore excluded. Baseline comparisons were performed using univariate ANOVA for continuous variables and χ 2 analyses for categorical variables. Mixed-model repeated measures analysis was used to compare the differences between groups over time. In the repeated measures factorial design with two factors, the within-participants factor was time (baseline, mid-point and end of intervention) and the between-participants factor was group (resistance, aerobic, combined exercise, control). Our primary analysis considered health status or well-being by time, group and group × time interaction, but we also tested a model that adjusted for age, sex, baseline HbA 1c and BMI. Mixed-model repeated measures analysis is based on likelihood methods and was conducted, in part, because of its flexibility in dealing with missing data. The advantage of this form of analysis is that it retains all participants who have provided at least one data point [24] . For all analyses, an intention-to-treat approach was followed. We also examined Pearson correlations for changes in health status and well-being and for changes in HbA 1c , aerobic fitness, muscular fitness and body composition. For exploratory purposes, we conducted secondary analyses to determine if adverse events influenced the results for health status or well-being. Alpha was set at 0.0125 for inter-group comparisons to adjust for four pre-specified comparisons: resistance exercise vs control, combined exercise vs control, resistance vs aerobic exercise and combined vs aerobic exercise. All analyses were done using SAS Version 9.1 (SAS Institute, Cary, NC, USA).
Results
Between October 1999 and December 2003, 2,282 people were screened. Figure 1 shows the flow of participants from recruitment to follow-up. As shown by χ 2 analyses and t tests, individuals who did not complete the health status and well-being measures at baseline (n=33) were not significantly different from those who completed the questionnaires on a number of variables including: age (53.6 vs 54.2 years old; p=0.67), sex (48% vs 65% male; p=0.06), time since diagnosis (4.8 vs 5.4 years; p=0.57) and both baseline BMI (33.7 vs 33.5 kg/m 2 ; p=0.82) and HbA 1c (7.7% vs 7.7%; p=0.69). Table 1 shows the participants' baseline characteristics. The groups were comparable in age, sex distribution, duration of diabetes and BMI. Median exercise training attendance (as determined by a review of exercise log sheets) was 86% (interquartile range 74-92%) in the combined exercise group, 80% (interquartile range 46-93%) in the aerobic exercise group and 85% (interquartile range 72-91%) in the resistance exercise group. One person assigned to aerobic exercise reported participating in resistance training; no one assigned to resistance exercise, combined exercise or control groups reported exercise training outside their assigned DARE group. Overall, 59/218 (27%) of participants included in this analysis sustained an adverse event during the course of the study, including 16 participants in the combined exercise group, 19 participants in the resistance exercise group, 16 participants in the aerobic exercise group, and eight participants in the control group. The main outcomes of the trial have been reported previously [8] . Briefly, the absolute change in the HbA 1c value in combined compared with control groups was −0.96 percentage points (95% CI −1.32, −0.61). The change in HbA 1c in resistance exercise compared with control groups was −0.37 percentage points (95% CI −0.73, −0.02). The change in combined compared with aerobic groups was −0.46 percentage points (95% CI −0.83, −0.90) and the change in resistance compared with aerobic groups was 0.13 percentage points (95% CI −0.24, 0.50).
Changes in health status Changes in health status as measured by the physical and mental component summary scores of the SF-36 are shown in Associations between adverse events and changes in health status or well-being For exploratory purposes, we re-ran the mixed model including a dichotomous term for the occurrence of any adverse event, and a term for the interaction between the occurrence of adverse event and time. The adverse event× time ×group interactions for physical component summary score (p=0.111), mental component summary score (p=0.927), and well-being (p=0.767) were not significant, indicating that the overall results were not influenced by the adverse event status.
Discussion
We compared combined aerobic and resistance exercise training and resistance exercise alone to aerobic exercise training and a non-exercising control condition for their The SF-36 physical and mental component summary scales were transformed to allow norm-based scoring. Anytime a physical and mental component summary score was less than 50, health status was below average; conversely anytime a score was above 50, health status was above average. The 'expected' range (i.e. mean±3 SD) was 20 to 58 for the physical component summary and 17 to 62 for the mental component summary
The general well-being score of the WBQ-12 is the sum of all 12 items and is scored from 0 to 36, where a higher score indicates a greater level of well-being a SF-36 mental component summary score significantly lower in Control group than in combined, resistance or aerobic exercise groups at baseline effects on health status and well-being in patients with type 2 diabetes mellitus. Resistance exercise led to clinically but not statistically significant improvements in physical health status. Surprisingly, no-exercise control participants improved their mental health status more than those doing combined aerobic and resistance or resistance alone exercise. Well-being, as measured by the WBQ-12, was unchanged by the exercise interventions. Our hypothesis that participants randomised to either combined aerobic and resistance exercise training or resistance exercise alone would show greater improvement in well-being and health status than those randomised to aerobic exercise training or waiting-list control was only partially supported. The current study has methodological strengths and limitations. Strengths include the randomised design, high adherence to the exercise regimens and the concurrent measurement of biological, health status and well-being outcomes. The main limitations include our inability to blind participants to treatment group assignment, statistical power for some outcomes, the generic nature of the SF-36 instrument and the multiplicity of interventions, outcomes and analyses. Blinding of participants to group assignment Values for baseline, 3 months and 6 months are mean (SD). Values for difference in change from baseline to 6 months are mean (95% CI).
The SF-36 physical and mental component summary scales were transformed to allow norm-based scoring. Anytime a physical and mental component summary score was less than 50, health status was below average; conversely anytime a score was above 50, health status was above average. The 'expected' range (i.e. mean±3 SD) was 20 to 58 for the physical component summary and 17 to 62 for the mental component summary
The general well-being score of the WBQ-12 is the sum of all 12 items and is scored from 0 to 36, where a higher score indicates a greater level of well-being is not feasible in most clinical trials employing behavioural interventions. In randomised trials of exercise interventions, exercise contamination can occur when the control group engages in significant exercise during the intervention period or when participants assigned to one form of exercise (i.e., resistance or aerobic) engage in the other form [25] . Exercise contamination would tend to reduce observed differences between groups. We do not believe exercise contamination was a problem in the present study.
Only one person assigned to aerobic training reported participating in resistance training; no one assigned to resistance or combined aerobic and resistance exercise training or the control group reported engaging in aerobic or resistance activity beyond pre-study levels. Additionally, outside of the DARE exercise sessions, background physical activity recorded with pedometers did not change materially over time in any group. It is unlikely that statistical power limited our ability to detect clinically important difference in the WBQ-12. The 95% CI around the point estimates of the between-group differences for change in WBQ-12 indicate that the likely effect of exercise is at most a difference of about two points (i.e. small and of little clinical significance). On the other hand, the 95% CIs in Table 2 suggest we may have had insufficient power to detect small but potentially important differences of about two to five points between groups in the physical and mental components of the SF-36. Our sample size was limited to the number of participants in the original DARE study with complete baseline health status and well-being data. The SF-36 is a widely used generic measure of health status with very good psychometric properties [26] . Nonetheless, it is not clear whether it taps into all relevant aspects of the experiences of people living with diabetes. The SF-36 may be relatively unresponsive to important benefits and consequences of different types of exercise training in this population. It is possible that a measure more specific to the issues of people with diabetes would have been more responsive to the effects of the different training regimens. Since we had four inter-group comparisons, the alpha for significance was set at 0.0125; this may be why some clinically important differences did not reach the threshold for statistical significance. The present study adds significantly to the literature on the health benefits of exercise for type 2 diabetes mellitus patients. Ligtenberg [27] examined the effects of supervised aerobic exercise training in 51 type 2 diabetic patients and found improvements in aerobic capacity and blood lipid variables that favoured the exercise training group compared with a control group; there were no improvements in glycaemic control or insulin sensitivity. In a subsequent analysis [28] , they found improvements in anxiety, energy and positive well-being, but not depression (measured by the 22-item version of the WBQ) favouring the aerobic exercise training group. Using a larger sample size, a longer training period and interventions based on aerobic and resistance exercise, our study was unable to replicate these findings for well-being. Kirk [29] evaluated the effect of exercise consultation on promotion of physical activity in people with type 2 diabetes. In that study, 26 sedentary people with type 2 diabetes were randomly assigned to receive an exercise consultation and standard exercise information (experimental) or standard exercise information alone (control). Participants receiving an exercise consultation increased their stage of exercise behaviour compared with controls and a significant difference was recorded for the change in accelerometer-measured activity counts per week from baseline to follow-up between the experimental and control groups. The vitality and mental health scales of the SF-36 improved in the experimental group from baseline to follow-up at 5 weeks, but only the mental health scale showed significant between-group differences for change in score from baseline to follow-up. Well-being assessed by the 22-item WBQ trended toward positive changes in the experimental group compared with control; however, none of these changes were statistically significant. Unlike the Kirk study, the present study failed to demonstrate improvements in the mental component of health status with a longer exercise intervention relative to control. We did, however, observe benefits of resistance exercise training for the physical component. In another randomised controlled trial in 279 post-menopausal women with type 2 diabetes mellitus [30] , Toobert found that after 6 months participation in a self-directed physical activity programme including moderate aerobic activity for 30 min most days of the week and ten strength-training exercises performed twice per week improvements for HbA 1c , BMI and plasma fatty acids were significantly greater in the intervention group than in the usual care group. There were no significant between-group (experimental vs usual care) differences in the physical and mental health scores of the MOS-12, a brief version of the SF-36. The present study found benefits for the physical component of the SF-36 for supervised resistance exercise training performed at weights that could be lifted for a maximum of eight repetitions, three times per week in men and women with type 2 diabetes. Martin et al. found aerobic exercise-induced improvements in health status were dose-dependent in a randomised controlled trial conducted in 430 sedentary postmenopausal women with elevated systolic blood pressure [31] . In contrast, the present study suggests that health status improvements in patients with type 2 diabetes are not dose-dependent; combined aerobic and resistance exercise training was inferior to resistance exercise training alone with regard to enhancing the physical component of health status. Exploratory analyses suggest that changes in well-being and health status were unrelated to changes in HbA 1c , aerobic fitness, muscular fitness or body composition.
There are at least two possible explanations for our observation that resistance exercise training improved the physical component of health status, while combined aerobic and resistance exercise training did not. First, as discussed above, the 95% CIs in Table 2 suggest we may have had insufficient power to detect small but potentially important differences of about two to three points between groups in the physical component of the SF-36. Second, combined aerobic and resistance exercise training may have left people more fatigued than resistance exercise training alone. Participants assigned to the combined exercise group completed work-outs that were almost twice as long as participants assigned to resistance or aerobic exercise alone; these participants may have felt that the training required too much time and effort, and interfered with other important things in their life.
Changes in the mental component of the SF-36 favoured the control group compared with any of the exercise intervention groups; however, between-group differences were the result of a moderately large improvement in the mental component summary scores for the control group, rather than any detrimental effect of the exercise interventions on these scores. We believe that the observed changes in the mental component summary scores reflect the statistical phenomenon of reversion to the mean. Reversion to the mean refers to a situation where a variable that is extreme on its first measurement will tend to be closer to the centre of the distribution at a later measurement. Thus lower scores on the pre-test will tend to be higher on the post-test and higher scores on the pre-test will tend to lower on the post-test. Importantly, reversion is always toward the population mean of the group. Despite random assignment, the mean score for the mental component summary in the control group was significantly lower at the pre-test than the mean scores for the combined, resistance and aerobic exercise groups. Mean scores in the combined, resistance and aerobic exercise groups were close to the expected population mean of 50, while the mean score in the control group was much lower than expected. At the post-test, the mean mental component summary scores in the combined and resistance exercise groups remained relatively stable compared with the pre-test, while mental component summary scores in the aerobic exercise group showed a small improvement. Over the same time, the mean mental component summary score in the control group increased back toward the expected population mean.
These results apply to type 2 diabetes mellitus patients who are generally well-managed and motivated to participate in a structured and supervised exercise programme. The results reported here reflect changes in health status and well-being during the trial; they do not reflect any potential future effects on health status and well-being related to long-term effects of improved glycaemic control on complications of diabetes. Participants in this study had mean SF-36 physical and mental component summary scores of 49.2 (SD 7.4) and 51.0 (SD 9.5) at baseline, respectively. This suggests that they had little meaningful impairment of health status compared with Canadians without type 2 diabetes [32] . It is possible that the exercise interventions could have lead to greater changes in health status and well-being in type 2 diabetes mellitus patients with greater relative impairment in these areas. Future studies are needed to explore the benefits of different exercise training programmes (including types, duration, different level of supervision, different support programmes) and to determine whether these effects can also be achieved in diabetic patients who are already active or in those with insulin-dependent diabetes.
To date, most studies of exercise in patients with type 2 diabetes mellitus have suggested that exercise has positive effects on well-being and physical and mental aspects of health status. However, these studies have used noncontrolled designs, enrolled small numbers of patients and have not considered the effects of resistance exercise training. In this randomised controlled trial, aerobic exercise training, resistance exercise training and a combination of both failed to improve patient-reported wellbeing. Resistance exercise training caused some clinically important improvements in physical health status; however, none of the exercise training programmes enhanced the mental component of health status relative to non-exercise control. While aerobic and resistance exercise training and a combination of both unmistakably improve glycaemic control [2, 8] , effects on patient-reported quality of life outcomes during a 6-month exercise intervention are less clear. Duality of interest The authors declare that there is no duality of interest associated with this manuscript.
